Unit 6 Experiment 


Determination of Enthalpy Change 
During the Process of Dissolving Different lonic Compounds 


Introduction 


In this experiment, you will be measuring the heat that is lost or gained when an ionic 
compound dissolves in water. You will do this by measuring the initial temperature of 
water in a coffee cup calorimeter, dissolving the solid in that water, and then measuring 
the initial temperature of the solution. If the exact mass of water in the calorimeter is 
measured before hand, the amount of heat that is lost or gained by the ionic compound 
during the dissolving process can be determined using the equation below. 


Aqw = mcAT 


In the above equation, Aqw is the heat lost or gained by the water, m is the mass of water 
in the calorimeter, c is the specific heat capacity of water (4.184 J/gK), and AT is the 
temperature change experienced by the water. The heat lost or gained by the water is 
equal in magnitude, but opposite in sign, to the heat lost or gained by the solid ionic 
compound when it dissolved. For example, if the dissolving process is exothermic, heat 
is lost by the ionic compound. 

AB(s) > A‘ (aq) + B (aq) + heat 


The sign for Ag:xn will be negative for an exothermic reaction. However, the water will 
gain the heat that is lost by the ionic compound, so Aqw will have a positive value. The 
relationship below always holds true. If you do not remember this, you will always get 
the sign wrong. 


AGQrxn = Aqw 


The value obtained for Ag:xn is the amount of heat, measured in joules, which was lost or 
gained in the reaction that took place in your coffee cup calorimeter. Unfortunately, this 
value is not very meaningful or useful to anyone outside of your lab group. You need to 
convert this value into the enthalpy change for the reaction, AH,xn, which is the amount of 
heat that is lost or gained when all of the moles of reactants in the balanced chemical 
equation react completely to become products. In the example above, we have one mole 
of AB(s) in the balanced chemical equation, so AH;x, is found using the equation below. 


1 mol AB x - AG - - 
moles of AB dissolved in the calorimeter 


By dividing Ag:xn by the number of moles of AB(s) that dissolved, you will get a value 
with units of J/mol. After multiplying this value by the number of moles of that reactant 
in the balanced chemical equation, the heat lost or gained in the complete reaction of the 
moles of reactants in the balanced chemical equation will be obtained. 


Purpose: 
e To determine the enthalpy change that occurs when different ionic compounds 


dissolve in water using a coffee cup calorimeter 


Safety 
= Wear safety goggles and your lab coat at all times during this experiment. 


a Calcium Chloride, CaCl, 
o Principal Hazard 
= Harmful if swallowed 
o First Aid 
a Eyes: Immediately flush the eye with lots of water. Call for 
medical assistance if irritation continues. 
= Skin: Wash skin with water. 
= Ingestion: Wash out individual’s mouth if they are still conscious. 
If a large quantity has been swallowed, call for medical help. 
=" Potassium Nitrate, KNO3 
o Principal Hazards 
= Contact with combustible materials may cause fire. 
o First Aid 
= Eyes: Immediately flush the eye with lots of water. Call for 
medical assistance if irritation continues. 
= Skin: Wash skin with water. 
= Ingestion: Wash out individual’s mouth if they are still conscious. 
Call for medical help. 


Pre-Lab Questions 


1) When a compound was dissolved in water, the temperature of the solution 
increased from 25.2°C to 32.7°C. Is the process endothermic or exothermic? 
Explain. 


2) What is the difference between Ag and AH? 


3) Suppose you have two identical calorimeters. One contains 50.0g of water and 
the other contains 50.0 g a liquid with a lower specific heat than that of water. If 
you put 2.000g of the same soluble ionic compound in each calorimeter, which 
one would experience the greatest temperature change? Justify your answer. 


Materials 
= Balance 
Glass stirring rod 
150 mL beakers 
100 mL graduated cylinder 
Thermometer 
Calorimeter (a small Styrofoam cup with a lid can be used) 
Solid calcium chloride, CaCl. 
Solid potassium nitrate, KNO3 
Distilled water 


Procedures 


Data 


l. 


11 


There must be two small holes in the lid of your calorimeter. One for the 
thermometer and the other for the stir stick. If your holes are larger than the 
diameter of the thermometer and stir stick, use tape to reduce their sizes. 
Weigh the empty calorimeter and record the mass to the nearest 0.001g. 
Measure 40.00 mL of distilled water using the graduated cylinder, and pour it 
into the calorimeter. 

Weigh the calorimeter and water and record the mass to the nearest 0.001g. 
Secure the lid on the top of the calorimeter. Measure and record the 
temperature of the distilled water to the nearest 0.1°C. 


Weigh approximately 5.0 grams of calcium chloride to the nearest 0.001g in 
the 150 mL beaker. 
Check the temperature of the water. If it has changed, change the value that 
you recorded. Move the lid to the side so that the ends of the thermometer 
and stir stick are still in the water. Do not allow any drops of water to leave 
the calorimeter. Quickly add all of the calcium chloride and replace the lid. 
You need to replace the lid very quickly to minimize heat loss or gain during 
the initial dissolving process. 
Make sure that the thermometer is immersed in the solution and not resting on 
the bottom of the cup. Continuously stir the solution with the stir stick, while 
watching the temperature. Stop to record the temperature on a separate sheet 
of paper every 20 seconds. Record the maximum or minimum temperature 
that is observed in your data table. 
Repeat steps 3 through 8 at least one more time. 

. Repeat the same procedures outlined in steps 3 through 9 using 5.0g of 
potassium nitrate, KNOs, in place of the calcium chloride. 


. Clean all glassware, and wash your hands. 


Trial 1 Trial 2 


CaCl, 


Mass of Empty/Dry Calorimeter 


Mass of Calorimeter and Water 
Mass of Water 
Mass of Empty Beaker used for CaCl, 
Mass and Beaker and CaCl, 
Mass of CaCl, 
Initial Temperature of Water 
Lowest or Highest Temperature of Solution 


KNO; 


Mass of Empty/Dry Calorimeter 


Mass of Calorimeter and Water 


Mass of Water 


Mass of Empty Beaker used for KNO; 


Mass and Beaker and KNO; 
Mass of KNO; 
Initial Temperature of Water 
Lowest or Highest Temperature of Solution 


Calculations 


1) Write the balanced net ionic equation for the dissolving of calcium chloride in 
water. 

2) Calculate the experimentally determined enthalpy change, AH, for the dissolving 
of calcium chloride in each trial. 


3) Average the experimentally determined enthalpy change, AH, values for the 
dissolving of calcium chloride. Give your answer in kJ. 

4) Is the dissolving of calcium chloride in water an endothermic or an exothermic 
process? 

5) Calculate the amount of heat that is released or absorbed when 78.9g of calcium 
chloride dissolve in water. 

6) Calculate the AF value for the dissolving of calcium chloride using the 
AH? values in your textbook. ( AH? for Ca” is -542.8 kJ/mol) 


7) Calculate the percent error in your experimentally determined value of AH for the 
dissolving of calcium chloride. 

8) Write the balanced net ionic equation for the dissolving of potassium nitrate in 
water. 

9) Calculate the experimentally determined enthalpy change, AH, for the dissolving 
of potassium nitrate in each trial. 

10) Average the experimentally determined enthalpy change, AH, values for the 
dissolving of potassium nitrate. Give your answer in kJ. 

11) Is the dissolving of potassium nitrate in water an endothermic or an exothermic 
process? 

12) Calculate the amount of heat that is released or absorbed when 385.0g of 
potassium nitrate dissolves in water. 

13) Calculate the AH value for the dissolving of potassium nitrate using the 


AH; values in your textbook. 


( AH? for K” is — 252.4 kJ/mol, AH? for NO3 is — 207.4 kJ/mol) 


14) Calculate the percent error in your experimentally determined value of AH for the 
dissolving of potassium nitrate. 

15) More complex calorimeters that do not use water have a set heat capacity. The 
equation used in such experiments is: Ag = CAT (where C is the total heat 
capacity of the calorimeter.) Ifa reaction that took place in one such calorimeter 
with a total heat capacity of 8.734 kJ/K released 2384 J of heat, what was the 
temperature change in degrees Celsius? 


Post Lab Analysis 


1) 


2) 
3) 


4) 


What are the measurements that must be made to determine the value of Aq? 
(Measurements do not include calculations.) 
What are the possible units for specific heat capacity, c? 
Suppose the fist part of the experiment was repeated using 7.0 grams of calcium 
chloride. 
a. How would this affect the absolute value of the magnitude of Ag? Justify 
your answer 
b. How would this affect the absolute value of the magnitude of AH? Justify 
your answer. 
Suppose a student did not return the lid to the calorimeter immediately after 
adding the reactants for an exothermic reaction, and a substantial quantity of heat 


was lost. How would this affect the calculated value for enthalpy change, AH? 
Justify your answer. 


